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Many studies of heat transmission have been carried out 
on various kinds of surfaces. But relatively few investiga-
tors have studied the loss of heat from a painted surface. 
1 
Any surface will lose or gain heat by one or more of the three 
mechanisms of heat transmission: oonduot1on, convection, and 
radiation. These mechanisms are thoroughly discussed by 
McAdams ( 18) . 
Heat transmission oan be analyzed by determining thermal 
conductivity for oonduotion, overall ooeffioient for oonveo-
t1on, and emissivity for radiation. The resistance concept 
is useful in indicating the various components of the over-
all ooeftic1ents and in analyzing problems 1n thermal conduc-
tion. 
In studying heat flow through a painted surface, early 
investigators did not use the resistance oonoept. These 
investigators heated their apparatus with either eleotrioity 
or steam. 
Equipment is quite often painted as a means of protecting 
and deoorat1ng. A thorough study of heat transfer through 
painted surfaoes has not been made, and many of the investi-
gations present qualitative results. 
The objeot of this investigation was to determine heat 
lost from a painted pipe about about SO op above a room at 
70 ± 20 OF and determine heat transfer ooeffioients of paint 
films and the etfeot different pigments have on the ooeffioienta. 
2 
REVIEW OF LITERATURE 
An intensive review of the literature was made for inves-
tigations dealing with the transfer of heat through a painted 
surface. 
Taylor (2J) determ1ned the thermal conductivity of 0.0172 
inch carbon sheet steel and 0.014 1noh silioon sheet steel. 
A form, 12 inches by 12 inohes by lt inches, was made of each 
of the two steels mentioned. The strips were held together 
by use of bolts. The oonduoti v1 ty was determined in both the 
transverse and longitudinal directions on strips, that were 
bare and coated. As ooatings Taylor used varnish and asphalt. 
Coating each strip with asphalt 1noreased the thermal conduc~ 
tivity three to four and one half times. Coating the strips 
of steel with varnish, on the other hand~ increased the thermal 
conductivity one and one half times. 
Day (5) oonduoted a series of tests to determine the heat 
lost from various types of surfaces. He conducted his experi-
ments using a steam heated drum made of tin. 'l'he surfaces for 
his tests were covered with asbestos paper, paint, and painted 
asbestos paper. When the drum was painted gray, the heat lost 
increased by forty-five per cent. The calculations were based 
on average steam and room temperature. 
The effeot of painting a radiator has bean studied by 
Allen ( 1) . He considered onl,- the change 1n emiss1 vi ty of the 
surface due to painting the radiator. Painting was considered 
as hav1ng no effect on heat lost by oonveot1on. The paints 
used were aluminum bronze, gold bronze, white enamel, maroon, 
J 
white zino, and non-luster green enamel. White zino paint 
and white enamel increased the heat lost while aluminum bronze 
decreased heat lost. 
Lubowsky (15) determined the effect of a painted surface 
on the cooling of heated pipes. He used black lacquer on a 
copper and iron pipe. These pipes were heated 100°C above 
room temperature, which was maintained at 20°C. Then the pipe 
was allowed to oool, and the temperature was measured at regu-
lar time intervals. The results showed the painted pipe 
cooled faster than the unpainted, and a pipe 1n a vertioal 
position cooled faster than one 1n a horizontal position. 
Taylor (24) presents some work on heat losses from vari-
ous surfaces. The apparatus consisted of a small section of 
tin pipe containing hot water. The water was heated by an 
electric heater which was inserted in the water. The pipe was 
covered with asbestos, dust, and aluminum paint. When painted 
with aluminum, the pipe lost more heat than when bare. But 
the amount decreased with an increase 1n temperature. Taylor 
based his calculations on average internal temperature of the 
water 1n the vessel and that of the surrounding air. 
A simple experiment is described in the scientific sec-
tion of the Paint Manufacturers' Association of the United 
States Circular (20). This experiment shows the value of 
using paint for insulation. Two pipes were attaohed to a 
common header. One was painted and impregnated with ground 
cork and the other was left bare. The pipes were then filled 
with ioe water. Very little condensation ooourred on the 
painted pipe, but the bare pipe was covered with condensation. 
Three to four coats of paint will reduce condensation. 
Coblentz and Hughes (4) investigated the emissivity of 
paints by exposure to direct sunlight. Their purpose was 
to find which paints will decrease, and which paints will 
increase the heat dissipated by radiation. These authors 
found that a paint rnade of aluminum pigment has a lower emis-
sivity t rum one made with a white or black pigment. They 
also found that aluminum paint has a higher emissivity than 
a sheet of aluminum. White and black paints have about the 
same emissivity at moderate temperatures. Black and white 
paints, when applied to a radiator, will increase the heat 
dis s ipation by about ten to fifteen per oent. 
Several investigators have studied only the emissiv1t1 
of paint films. Heilman (11) has determined heat lost bf 
both painted and bare surfaces. He used a thermopile to 
determine the total energy emitted by the surfaoe. The 
speaifioations are given by Heilman. The receiver of the 
energy 1n the thermopile consisted of 96 thermojunctions 
of copper and constantan. A thermocouple was attached to 
one cold Junction so that the temperature of the receiver 
oould be determined. Fishenden and Saunders (8) state that 
below 212 °F it is difficult to distinguish anr difference 
in emissivity of paints of different colors. Wilkes and 
Peterson {26) give values of emissivity at 70 °P for black, 
white, and aluminum paints. They agree with previously 
reported values. The reflection and radiation charaoteristios 
4 
s 
of aluminum have been studied by Taylor and Edl"1B.rds (22). 
They used an electrically heated apparatus with a thermopile 
to measure the energy emitted by the sample. The thermopile 
was built from specifications given by Heilman (11). Taylor 
and Edwards found that a thin oxide coating has .little effeot 
on the emissivity, whereas a thick oxide coating will in-
crease the emissivity. Painting aluminum with laoq~er 1n 
" thin films will increase the emissivity only about ten per 
cent. Color has little effect. 
Heilman and Ortmiller (12) present the results of an 
investigation on absorption of solar energy by paint films 
and other substances. They used a thermopile for measuring 
the energy emitted by the sample. Their results could not 
be correlated with those previously reported by Coblentz and 
Hughes (4). Heilman attributed this disorepanoy to the fact 
that different pigments and vehicles were used by eaoh inves-
tigator. 
Babcock and Rethwisah (2) present a test for emissivity. 
This test shows the effect of aluminum paint on cooling of a 
hot container. A oan is painted; one thermometer is placed 
inside the oan and another on the surface. The can is then 
filled with hot water and covered w1 th a lid. The time re-
quired for both thermometers to register the same is noted. 
A oan painted blaok cooled faster than one painted aluminum. 
Fishenden and Saunders (9) state that the emissivity of 
a bright surface will be increased, 1n some cases by as much 
as 83 per cent, by applying a thick layer or oil. An excel-
lent review of controlling radiant heat 1s discussed by 
Leedy (14). The emissivity can be increased or decreased 
by the use of proper coatings on the surface. In general, 
the metallio coatings decrease while black or white pigments 
increase emissivity. 
6 
Several articles were used for general references be-
cause they dealt with heat losses from pipes. McMillian (17) 
discusses heat lost from steam heated pipes. Heilman (10) 
has determined surface coefficients for bare and insulated 
pipes. McAdams and .Frost (17), and Drew, ,6 .11 (?) discuss 
heating and cooling of water flowing through a pipe. 
The surface coefficients of bare pipe as reported by 
Heilman ( 10) and g1 ven 1n McAdams ( 18) and Kern ( 13) agree 
very closely with values obtained by this investigator. 
MATERIALS 
The materials used in this tnvestigation were distilled 
water, refined linseed oil, titanium dioxide, aluminum, lamp 
blaok, lead drier, an enamel, cellosolve, methyl isobutyl 
ketone, and polyurethane foam. 
The water used 1n this investigation was ordinary lab-
oratol'Y distilled t>~ater which was not further purified. It 
was necessary to change water about every ten runs because 
the pipes rusted and contaminated the water. 
The refined linseed oil used was obtained from the 
Archer-Daniels-Midland Company. No add1 tional refinements of 
the oil were made. The oil had a Gradner color of 4 to S 
and ~~ acid number less than O.JO. 
The titanium dioxide used was obtained from the 'l'i tan1um 
Pigment Company. It was 97.1 per cent titanium dioxide, and 
i mpurities were either white or colorless. 
The aluminum powder used was obtained from Baker and 
Adamson. It is a reagent grade chemioal. 
The lamp blaok used was obtained from the L. Martin and 
Company. It is a reagent grade ohemioal. 
1 
The lead drier used was obtained from Naftone, Incorporated. 
The drier consisted of lead naphthenate dissolved in a hldro-
oarbon thinner. This solution contained 24 per oertt lead. 
The cellosolve and methyl isobutyl ketone used was ob-
tained from the Carbide and Chemieals Corporation. These 
solvents were used 1n cleaning the pipes by making a fiftJ-
fifty mixture. 
8 
The enamel used was a qu1ok-dry1ng alkyd enamel made by 
Gamble-Skogmo, Incorporated. 
The polyurethane foams used in this investigation were 
obtained from Price Varnish Company, whioh makes the raw 
material polyurethane. The foam was made b7 Hadley Brothers 
Uhl Company. Three different de...l'lsities of foam were used. 
They are designated as light, medium, and heavy. The aotual 







PREPARATION OF PAINTS 
The investigator made three paints used 1n this investi-
gation. The fourth was purchased. 
9 
The paints were made by grind1ng the pigments i n 11nseed 
oil to which drier had been added. No solvent was necessar y. 
Drier was ad.ded in aacordance l'rith specifications given by 
Payne ( 21) ~'lhich was o. 6 per cent lead. Aluminum powder was 
added in accordance with specifications given by Ma.t tiello (16). 
He states ~Lat the amount of alumtnum powder necessary for 
good hiding should be 2 pounds of a l uminum per gallon vehicle. 
Lamp black was added according to specifi cations given by 
Von Fisher ( 28). He states the amount of black f or good 
hiding should be 2 ounces lamp black per gallon vehi cle. The 
composition of the ooints used 1n the investigation is g i ven 
in Tables 1 and 2 . 
TABLE l 
COMPOSITION OF PAINTS TESTED 
Vehicle White 
Pigment by weight 21 . J 
Vehicle by weight 100 78.7 
Composition of the 
Pigment by weight: 









TABLE 1 ( Continued) 
Vehicle White Aluminum Blaok 
Composition of the 
Vehicle by weight: 
Linseed oil 97.6 97.6 97.6 97.6 
Drier 2.4 2.4 2.4 2.4 
TABLE 2 
COMPOSI TI ON OF WHI TE .tl~Al'1EL TBST.ED 
Pigment by weight 49.1 
Veh1ole by weight 50. 9 
Composition ot the 
Pigment by weight : 
Titanium Dioxide 71.4 
Calcium Carbonate 28.6 
Composition of the 
Vehicle by weight: 
Resin 4J.4 
Thinner and driers ,56.6 
11 
APPARATUS 
A general view of the apparatus used for the experimental 
work in this studr is shown in Figure 1. The apparatus used 
for measuring the inner pipe-wall temperature is shown 1n 
Figure 2. Figure J 1s a sohemat1o diagram of the apparatus, 
which shows the water reservoir, test section and th~ thermo-
meters. 
Figure 1. Photograph of Experi-
mental Apparatus 
12 
Figure 2. Photograph of Potentiometer Circuit 
In general, the apparatus consists of: (1) a hot water 
supply system, the f1ow of whioh can be controlled within 
desired limits; (2) a 3-foot test section of pipe, provisions 
being made for obtaining temperature of the 1nner wall; (J) a 
potentiometer circuit. 
Essential components of the apparatus are: (1} Hot-water 
reservoir was a five-gallon can fitted with a 1/4-inoh stand-
ard pipe nipple as the outlet. The reservoir was insulated 
with mica. Temperature of the water was maintained at 
60 • 0.10 °C by means of a thermostat. The inside of the 
can was painted with white enamel to eliminate rusting of the 
can; (2} The test section was a three-foot length of 1-lnob 
standard black iron pipe. The pipe was fitted with an iron-
constantan thermocouple at the mid point. The thermocouple 
was attached by crimping the wires 1n the pipe as recommended 
lJ 
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by Baker, Rydes and Baker (J); (J) Two Fisher -1 to + 101 °C 
thermometers with 0.1 °C subdivision. These thermometers were 
used to measure temperature of water entering and. leaving the 
pipe. 
Each thermometer was very carefully calibrated against 
boiling water and wa.ter at 61.10 °C in the reservoir with 
a Bureau of Standards thermometer. The outlet thermometer 
was found to have a correction faotor of + 0 .14 °C at 61 °C. 
The inlet thermometer was found to !mve a correction factor 
of + 0.04 °C at 61 oc. 
Both thermometers were fitted in a rubber stopper with 
the same number of temperat·ure graduations exposed. By doing 
this an emergent stem correction was not necessary. 
(4) A potentiometer was used for determining the tempera-
ture of the inner surface . The c1rau1t used was similar to 
one described by Dike (6) and Weber (25). 
The necessary apparatus for the potentiometer circuit is: 
1 - Central Scientific Company student type potentiometer 
1 - Rub1oan Company spotlight galvanometer 
sens1 ti vi ty 0. 00.5 ;.;.A/mm 
1 - Leeds and Northup Company galvanometer 
sensitivity 4.0 jJ-A/mrn 
1 - Central Scientific Company decade resistor 
1 to 9,999 ohms 
1 - Eppley Laboratory, Incorporated standard cell 
- 1 .019 volts 
6 - 1.5 volt dry cells 
2 - Double pole, double throw switches 
1 - Tap key. 
(5) Four iron constantan thermocouples for measuring 
temperatures at inner surface of the pipes. 
lS 
All thermocouples were carerully calibrated against an 
ice-water mixture, boiling water, and water at 55.00 °C as 
determined with a Bureau of Standards thermometer. A oali-
bration curve for each thermocouple was draw.n, from which the 
temperature of the pipe well was read. 
16 
PRELIMINARY EXPERIMENTS 
The object of early experiments was to determine operat-
ing condi tions and the effect of extraneous variables. 
The first experiments were with an ~~insulated glass 
reservoir. The water cooled at the rate of 0.60 °C per 
minute. Since this rate was too rapid for accurate measure-
ments to be taken, the bottle was insulated with two layers 
of asbestos paper and one layer of aluminum foil. By doing 
so the rate at which the water cooled was reduced to O.JO °C 
per minute. Next a knife type heating element was inserted 
in the reservoir. When the heating element was not connected 
to the thermostat, the t emperature varied by as much as 
0.10 °C per minute. After this element was connected to a 
thermostat the variation of the temperature could be controlled 
to less than o.os °C 1n S minutes. 
These preliminary experiments showed that it would be 
necessary to work in the streamline flow region. The flow 
rate was 80 milliliters to 750 milliliters per minute, which 
is about 0.01 to 0.08 feet per second. Temperature drops 
obtained were J.OO °C at 80 milliliters and 0.25 °C at 750 
milliliters. Because of the uncertainty in temperature drop 
at fas ter flow rates, no run was made where the temperature 
drop was less than 0.40 °C. To evaluate the coefficient of 
the paint films, a flow rate of approximately JOO milliliters 
per minute was used . This rate was ohosen because it gave a 
temperature drop of 0. 6S 0 to 1. 20 °C, whioh was sufficiently 
large to give the desired aocuraoy. Bates of flow slower 
than JOO milliliters per ra1nute required a longer time to 
reach E teo.d.y state oondi tion , and temperature oond1 tions 
varied ~tlong the length of the pipe, 
17 
The over-all coefficient was determined using water at 
40, 50, and 60 °C. Thirteen rune with the water at 40 oc, 
1.5 with ~rater a.t 50 oc, and 12 with water at 60 oa were made 
on the l1nseed oil coated pipe. No difference could be dis-
t1ngu1shed. 
60 ± J oc. 
All subs~qv.ent runs Nere made using water at 
Since this gave the max1roum temperature drop and 
enableJ. a more acourate calculation in the quantity of heat 
lost. Higher temperatures proved d ifficult to maintain 
constant. 
Extraneou~1 var18.bles oou.ld be considered such things as 
unnecessary drafts, paint not completely dry, and inserting 
thermometers i n pipe in slightly different poei tlon.s. 
TtJenty runs were me.de. 10 each with the laboratory door 
open and. olosed, using all coated pipes. The effect of having 
tli& door open was an increase of 5 to 10 per oent 1n the over-
all ooeff1o1ent. The water temperature fluctuated more w1 th 
the door open. All remaining experiments were ms.de with the 
door closed . 
. When the pa1nt 1s not completely dry e larger tempera-
ture dro~ in the water 1s obta ined. Thirty-five runs were 
made on coated IJipes. The heat loss was 4.5 to 50 per oent 
more with t he ooated pipes . All pipes were foroed dried at 
2)0 o to 240 op in a etea~-heated oven for 5 hours, to tnsure 
the films had set and solvent was evaporated. 
18 
Higher results were obtained when only the thermometer 
bulbs were inserted into the stream. Fifty determinations on 
all coated pipes were made with only the bulb sticking through 
the stopper. By putting the thermometers farther into the 
pipe, temperatures were measured 1n the region '?There the flow 
pattern and temperature distribution had become uniform. In 
this way the effects of turbulence were eliminated. 
The time required for the apparatus to come to equili-
brium was ten minutes at slow flow rate. However, fifteen 
to twenty minutes were allowed to insure equilibrium condi-
tions. At faster flow rates five minutes was sufficient, but 




The following pr ocedure was used 1n making the experi-
mental rune for this study: 
1. Water in the reservoir was brought up to approxi-
mately 60 °C by heating the water on a hot plate. The con-
trolled elect ric heater we.s turned on and reservoir water 
tempera ture stabilized at 60 °C. 
2. Tne water was then turned on and allowed to pass 
through the pipe at maximum flow for one minute. The purpose 
was to bleed the apparatus of any trapped air and allow the 
test section to reach maximum temperature. The inlet water 
temperature was stabilized during this period. 
J. The flow was then regulated to desired quantity. 
Water flowed. through the test section for ten to twenty min-
utes before a run was started. This was to insure equilibrium 
oondi tiona betHeen i;he lfTa ter a.n.d the surrounding air. This 
was determined when outlet temperature of water remained 
constant. 
4. After these preliminary steps had been accomplished 
a run was started. A four-liter beaker was plaoed under the 
outlet a t the ~ame instant the timing was started. At this 
t ime, room temperature, initial inlet and outlet water tempera-
tures were noted and recorded. The length of the run was five 
minutesj during which time inlet and outlet temperatures were 
recorded every minute. After five minutes, the timing was 
stopped a~d t he oontainer was removed . 
5. The amount of water was measured 1n milliliters and 
recorded. 
20 
6. During this whole sequence of operations another 
four-liter beaker, approximately two-thirds full, was heating. 
7. The water thus heated 11as put into the reservoir. 
Approximately half the water just measured was returned to 
the reservoir. This \'.ras necessary to bring the level in the 
reservoi r back up to t he required height. The rest of the 
water was put on a hot plate and heated. This sequence of 
operations was repeated for the next run. 
Over-all Coefficient Runs 
In the determination of over-all coefficient, the same 
sequence of operations was followed that has just been de-
scribed. The runs were started at a flow of 80 milliliters 
per minute and increased to maximum flow or a flow in which 
the temperature drop of the water was not less than· o.4o °C. 
Runs were also made starting at maximum flow and decreasing 
the flow. Ten runs on each test section were made with five 
at increasing and five at decreasing flow rates. In all runs, 
water was permitted to flow for ten minutes between runs. 
This was done to make sure the apparatus was still at equili-
brium. At slower flow rates, twenty minutes was permitted 
between runs. Data so obtained was used in calculation of 
over-all coefficients. 
21 
Individual Paint Film Coefficient Runs 
Again the same sequence of operations was followed, ex-
cept in this case flow was adjusted to approximately JOO 
milliliters per minute. When steady state condition was 
rea ched, which usually took ten minutes, the rtm. was started. 
The inner pipe wall tempera ture was measured by the use of 
a student type potentiometer and thermocouple. An ice water 
mixture was used to maintain 0 °C at the cold junction. The 
voltage registered by the potentiometer was read during the 
cours e of the run. To insure against fluctuation, the poten-
tiometer was read at least three times and 1n some instances 
five times. The final reading was recorded . The temperature 
~1as read from the calibration curve for each individual thermo-
couple. 
Five such runs were made leaving the flow undisturbed. 
By permitting water to flow for five to ten minutes between 
runs, steady state conditions were insured. Data so obtained 
was used i n oalculating coefficients for each paint film. 
22 
DA''f.A 
T~bles J to 32 contain the data. taken 1n the laboratory 
and the various coefficients of heat transfer calculated from 
these data. 
The over-all heat transfer coefficients for bare pipe 
are shown in Tables 3 and 4. Tables 5 through 10 show the 
over-all heat transfer coefficients for three foam coatings. 
In Tables 11 and 12 are shown the over-all coefficients for· 
a linseed oil coating containing no pigment. Tables lJ to 
18 show the over-all coefficients for pipe painted with the 
various paints. Surface coefficients are given in Tables 19 
and 20. In Tables 21 and 22 are the coefficient for the foam. · 
Tables 2.3 to 28 are the coefficients for the various paints. 
In Tables 29 to 32 are the coefficients of commercial white 
enamel of various thicknesses. A summary of results is 
presented in Table JJ. 
TABLE J 
OVER-ALL COEFFICIENT DATA - PIPE BARE 
Run Time Inlet Temp. Outlet Temp. Room 
ml. No. (min) t 0 c t oc Temp. oc 1 2 
1 5 58.45 55.95 25.0 5.35 
2 5 60.25 58.60 27.2 8)0 
J 5 59 .65 58.20 27.2 975 
4 5 59.65 sa.5o 25.4 1140 
s 5 61.20 60.40 25.2 1]65 
6 5 60.40 .59.70 27.2 1680 
2) 
TABLE 3 (Continued) 
Run '111me L'l'lle t Temp. Outlet Temp. Room ml. No. (min) tl oc t °C Temp. °C 2 
1 5 60.55 59.85 25.2 1695 
8 ~ .., 61.05 60.50 25.6 2290 
9 c; 59.75 59.3.5 27.4 2710 _, 
10 5 60 .35 6o.oo 27.0 2750 
11 c: 
..J 60.90 57 .90 27.0 .545 
12 5 62 .4o 60.)0 27.0 8J5 
lJ 5 61.65 60.65 27 .0 1460 
14 5 61.05 60.50 27.0 2205 
I.D. of' pipe: 1.027 " Length of heat section: 27.91 11 0. D. of pipe : 1.)09 n Heat transfer surface: 0.796 ft2 
TABLE 4 
OVER-ALL COEFFICIENT - PIPE BARE 
Run Re Q ~ Bt¥ No. No. , hr. u, hr fttf 
1 182 62.60 1.294 
2 282 64.10 1.)88 
J 331 66.)0 1.456 
4 387 61.50 1.270 
5 472 .51 .10 1 .003 
6 568 54.90 1.166 
7 575 55.60 1.106 
8 772 57.60 1.144 










TABLE 4 (Continued) 
Run Re Q, ~~ u, Bt~ No . rio. hrft~ °F 
10 934 45.10 0.947 
11 185 76 .4o 1.656 
12 289 82.00 1.664 
13 .504 68.40 l.J94 
14 762 56.80 1.174 
TABLE 5 
OVER-ALL COEFFICIENT DATA - PIPE COVERED 
WITH HEAVY FOAM 
Time Inlet Out~et Room Temp. ( min.) t1 oc t2 c oc 
5 59.65 57.85 . 26.5 
5 61.10 59.85 26.0 
5 60.45 59 .50 26.0 
5 61.40 60.40 26.0 
5 62.55 61.95 26.0 










of pipe: l.J09 II Length of heated seotion: 27.91• 
0 .D. of insulat ion: 1.809 " Heat transfer surface: 1.10 ft2 
2.5 
TABLE 6 
OVER-ALL COEFFICI&~T - PIPE COVERED 
\-liTH HEAVY FOAM 
Run Re Btu Btu 
no. No. Q., hr u' hr·ft2 .15p 
1 1.51 34.)0 0 . .536 
2 192 3J.OO 0.494 
3 254 )2.75 0.486 
4 2.59 34.4.5 0.498 
.5 369 29.50 0.422 
TABLE 7 
OVER-ALL COEFFICIENT DATA - PIPE COVERED 
WITH MEDIUM FOAM 
Run Time 1n10t Outlet Room Temp. Vol. ( minJ tl c t2 oc oc ml. 
1 5 60.50 58.75 25.2 44.5 
2 5 60.65 59.20 25.2 555 
J 5 60.15 58.80 25.4 600 
4 5 59.40 58.15 25.2 . 620 
.5 5 61.1.5 60.4.5 25.2 1050 
6 s 60.40 59.80 25.4 1280 
7 5 60.60 60.20 25.2 1695 
8 5 60.90 60.50 25.4 184o 
I.D. of' pipe - 1. 027 IJ Insulation thickness - t-inoh 
O.D. of pipe - l.J09 • 
O.D. of insula tion - 1.809 • 
Length of heated section - 27.91 • 






OVER-ALL COEFFICIENT - PIPE COVERED 
Wl'fH MEDIUM FOAM 
Run Re Q,, Btu Bt~ No. No. hr u, hr ft bp 
1 152 )6o60 0 .5)6 
2 188 37-70 0.547 
J 204 37.80 0 . .561 
4 210 36.25 0.544 
5 J6J J4.40 0.491 
6 4J5 35.90 0.52J 
7 576 )1.80 0.457 
8 6)5 )4.40 0.494 
TABLE 9 
OVER-ALL COEFFICIENT DATA - PIPE COVERED 
WITH LIGHT FOAM 
Time 















I.D. of pipe - 1.02? 11 
O.D. of pipe- l.J09" 
O.D. of insulation - 1.809" 
Insulation thickness - t-inoh 
Length of heated section - 27.91 " 
Heat Transfer Area - 1.10 ft2 
TABLE 10 
OVER-ALL COEFFICIENT - PIPE COVERED 















OVER-ALL COEFFICIENT DATA 
-
PAINTED 
WITH LHlSEED OIL 
Run T1m0 Inlet Outlet Room Temp. ml. No. (min tl oc t2 oc oc 
1 5 61.10 59.65 25.0 1290 
2 5 59.60 58.40 25 .2 1315 
J 5 61.65 60.45 25.0 1895 
4 5 59.85 58.95 25.0 2210 
5 5 59.75 58.85 24.5 2420 
6 5 60.40 59.65 25.0 2805 
I .D. of pipe - 1. 025 " Length of heated section - 28.14 " 
O.D. of pipe - 1.037" Heat Transfer Surface - 0.802 ft2 
Thickness of Linseed oil - 0.6 Mils 
TABLE 12 
OVER-ALL COEFFICIENT - PIPE PAINTED 
WITH LINSEED OIL 
Run Re Q, Btu U Bt~ No. No . hr ' hr .ft- 0 .F 
1 4)8 87.20 1.706 
2 436 7).60 1.512 
J 64) 106.40 2.005 
4 710 92.75 1.868 
5 820 101.50 2.02 
6 952 98.10 1.942 
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TABLE 13 
OVER-ALL COEFFICIIDiT DATA 
PIPE PAINTED WHITE 
Run Time Inlgt Outlet Room Temp. llo. (min) tl c t2 °C oc ml. 
1 5 60 • .30 .58.20 26.8 96o 
2 5 58.95 .57 .50 2.5.0 1380 
J 5 61.25 61.05 26.8 1870 
4 5 60.70 59.55 25.8 1980 
s p 59.00 58.10 26.6 2850 
6 s 61.4.5 60.65 26 . .5 )245 
7 4 60.10 59-30 26.6 2.575 
8 J 60.80 60.05 26 . 6 2165 
9 J 60 .5.5 59.80 26.6 2245 
I.D. of pipe - 1. 027 • Length of heated section - 28.10 " 
O.D. of pipe- 1.)09" Heat transfer surface - 0. 804 ft2 
Thickness of white paint - l.J Mils 
TABLE 14 
OVER-ALL COEFFICIENTS 
PIPE PAINTED WHITE 
Run B.e Q, Btu U, hr ;~ OJ!. No. No. hr 
1 J26 94.40 2.01 
2 468 9).60 1.914 
J 656 104.60 2.07 
4 670 106.40 2.14 
5 807 100.20 2.165 
6 1108 121.40 2.4J 
7 1091 120.40 2.51.5 
8 1226 126.90 2 . .59 
9 1268 1)1.10 2.70 
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TABLE 15 
OVER-ALL COEFFICIENT DA~ 
PIPE PAINTIID ALUMIN1JM 
Run Time Il-- 1 8"" Outlet B.oom Temp. .u.. . v Ill . No. (min} t1 c tz oc oc 
1 5 61.3.5 .59.8.5 24.0 1335 
2 5 61.00 59.85 24.0 177.5 
J 5 64.20 6) .00 24.,5 1980 
4 ~ 61.50 60.35 24.0 2065 j 
5 5 60.55 .59.45 24.0 2105 
6 5 61.90 60.85 24.0 2540 
7 5 60.90 60.0.5 24.0 2400 
8 4 62.70 61.8.5 24.0 2415 
9 5 .59.85 59.1.5 24.0 2640 
10 J 60.90 60.25 24.0 2200 
I.D. of pipe - 1.027 " Length of heated section - 27.91 • Q.D. of pipe - 1.309 It Heat Transfer Surface - 0.800 ft2 
Thickness of Aluminum Paint - J.OO Mils 
TABLE 16 
OVER-ALL COEFFICIENTS 
PIPE PAINTED ALUMINUM 
Run Re Q, ~ Bt~ No. No. u, hr ft- 0P 
1 462 93.75 1.778 
2 60) 104.10 1.978 
J 696 111.10 1.970 
4 712 111.00 2.09 
5 714 108.40 2.093 
6 878 12). 20 2.29 
7 10)6 119 . .50 2.2? 
8 1060 121.80 2.20 
9 1122 108.20 2.11.5 
10 1264 111.40 2.11 
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TABLE 17 
OVER-ALL COEFFICIENT DATA 
PIPE PAINTED BLACK 
Run Tim.:> Inlet Outlet Room Temp. 
m1. No. (min) tl °C tz oc oc 
1 .5 60.20 _58.7.5 24.5 1JSO 
2 5 59.70 _58.45 24.0 1.5.55 
3 5 60.20 59.00 24.8 16.50 
4 5 60.60 .59.4.5 24.0 1890 
.5 5 60.60 59-5.5 24.2 2000 
6 5 59.55 58.60 2).2 2375 
7 5 60.20 59.)0 24.4 2.515 
8 4 60.65 .59.80 24.0 2,500 
9 4 60.65 59.80 2J . .5 2535 
10 '"' .) 58.95 ,58.25 2).6 216.5 
I.D. of pipe - 1. 027 N Length of heated section - 27.79 J! 
O.D. of pipe - 1.)09 n Heat transfer surface - 0.766 ft2 
Thickness of Black Paint - 1.1 Mils 
TABLE 18 
OVER-ALL COEFFICIENT 
PIPE PAINTED BLACK 
Run Be Q., Btu U B~u No. No. hr 'hr ft2 °F 
1 457 91.50 1.895 
2 528 90.90 1.876 
J 559 92.40 1.926 
4 642 101.90 2.05 
.5 696 100.90 2.095 
6 784 106.60 2.20 
7 853 10,5.90 2.2) 
8 1060 124.40 .2.49 
9 1076 126.00 2.49 







SURF'ACE COEFFICIENT DATA 
BARE PIPE 
In18t Outlet Room 
t1 c t2 oc Temp. oc 
61.)0 60.10 29.0 
61.70 60.70 29.2 
-···--
Length of heated surface - 27.91 n 
Heat Transfer Surface - 0.796 ft2 
TABLE 20 






Run Re Q, ]!t_y Bt~ Bt~ Bt~ Bo. No. "hr U, hr ft- °F hr, hr·-ft- °F hc.-r, hr ft- °F 
1 468 76.00 1.672 7.18 2.18 
2 534 72.50 1.576 6.61 2.07 
Average h 0 + r • 
Btu 
2.13 hr rt2 op 
)2 
TABLE 21 




















t Q , , 2 'v 
60 .55 
62.1.5 
61 . )5 
60 . 90 
Length of heated section 
Heat Transfer surface 
Room 






It 27 . 91 
1.10 ft2 
NOTE: LYl Run# J 
Surface Temper a tur·e was 103.4 °F .. 
TABLE 22 
HEAT TRANSFER COEFFICIENT OF FOAM 
-------
~--
Run Re Q, ~ Btu B:t~ No. No . u, hr ft~ Op hr, hr ft- °F 
1 )80 29.10 0.448 ].35 
2 407 27.10 0.411 2 .54 
J J85 25.50 0 .]66 6 .26 
4 J97 24.20 0. ]59 6 . 125 
Average hp = 0.442 hr f~~ oF 
NOTE: For run. II J 
K = 0.01076 ·-· _{ Btu l {ft.)_ 
(hr )( ft2 )( °F) 
.3tu 












~ Bty ' hr ft2 OF 
0.506 
0 . 490 




HEAT TRANSFER COEFF'ICILN'l' DATA- WHITE PAINT 
Run Time Inlet Outlet Room Pipe Temp. 
No. (min} t1 °C t2 oc Temp. °C OF ml. 
1 5 59.65 58 .]0 27 . 0 lJl.J 147.5 
2 5 60.25 .59.0.5 27.4 1)2. 9 1.53.5 
J 5 .59.65 .59.4.5 27.6 132 . .5 154.5 
4 
.5 59.60 .58.4.5 27.8 132.9 1.53.5 
.5 .5 60 . 80 .59 .60 28.0 1J.5.6 1490 
-
Length of heated section - 28.10 lj 
Heat Transfer Surface 0.804 ft2 
TABLE 24 
HEAT TRANSFER COEFFICIENT OF WHITE PAINT 
Run Re Q, Btu Btu Btu B:tu No. No. hr u , hr rt2 OF hf, hr ft2 Op hp, hr ft2 °F 
1 .502 9).40 2.015 16 . .56 2.29 
2 .521 86.10 1.8.56 16 . 20 2.09 
3 .524 86.90 1.849 14 .05 2.1) 
4 .521 82.60 1 .82.5 19.40 2.01 
.5 .506 8).90 1. 798 2J .1.5 1.9.52 
Btu Average hp = 2.094 (hr)(ft2)(oF) 
J4 
TABLE 25 
HBA'r TRANSFER COEFFICIENIJ:' DATA - ALUMINUM PAINT 
Run Time Inlet Outlet Roo{1 Plpg Temp. 
ml. N'o. ( min) t1 oc t2 oc Temp C F 
-
1 5 59.55 58.25 2.5.6 1J0.6 140.5 
2 s 61.60 60.6.5 26.8 1J2.4 1840 
J .5 61 . 0.5 60.00 26 .8 1J2.4 1740 
4 5 60.50 .59-50 27.0 1J1.8 1780 
5 .5 60.10 .59.1.5 27.0 1J0.2 16JO 
Length of heat section 
-
27 .91 " Heat Transfer Surface 
·~ 0.800 ft2 
TABLE 26 
HEAT TRANSFER COEFFICIENT OF ALUft1INUM PAINT 
Run Re Q. Bty B~~ Bt~ h Btu 
No. No . ' hr U, hr ft- °F hf• hr ft- °F P'hr rt2 °F 
1 476 8,5 .45 1 . 782 14.41 2.0J 
2 6)4 81.7.5 1.655 10.64 1.922 
J 584 85.50 1.758 12.28 2.050 
4 603 8J.40 1.7.50 12.70 2.0)0 
5 552 72 . .50 1 . .54.5 9.96 1.82.5 
Average hp = . Bt~ 1.971 {hr)(ft )(OF) 
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TABLE 27 
HEAT TRANSFER COEFFICIE~T DATA - BLA~K PAIN~ 
Run Time Inlet Outlet Room Pipe Temp. 
No. (min) t °C t2 oc Temp . oc o.F m1. 1 
1 5 61.20 60.20 27.0 132.5 1750 
2 5 61.00 59.80 27 . 2 1J2 .0 1.530 
) 5 61.20 60.10 27 . 6 132 . 2 1520 
4 5 60.90 59.80 27.6 1]1.5 1565 
Length of heated section 
- 27.79 II 
Heat Transfer Surface 
- 0.766 ft2 
TABLE 28 
HEA'r TRJu"VSFEB. COEFFICIEN'l' OF BLACK PAilfll 
Run Re Q, ~~ Bliy Btu. Bt hp, hr ft~ l5F No. No. u, hr rt2 OF hr, hr rt2 °F 
1 604 82.00 1.764 12.16 2.065 
2 519 86.00 1.878 12 . 91 2.205 
J 524 78.20 1.715 11.24 2.020 
4 532 80. 6o 1.782 11.46 2.110 
h_ = 2 100 Btu Average -~ · (hr)(rt2)(0F) 
J6 
~'rABLE 29 
HBAT TRANSFER COEFFICIENT DNfA - WHITE El-IAMEL 
Run Time Inlet Outlet Room Pipe Temp. 
No. (min) t1 oc t2 oc Temp. oc Op ml. 
1 5 60.70 60.10 27.0 1940 
2 .5 61.80 61.15 27. 6 1680 
J 5 61.20 60.55 28.0 1680 
4 5 60.90 60.20 28 .0 1)00 
5 5 60.50 59 . 80 28.0 1440 
6 5 62 .5.5 61.60 29.4 1)).0 168.5 
7 5 62 . 20 61.)0 29.8 1)1.0 1725 
8 5 61.50 6o.so J0.2 1]2.8 162.5 
9 .5 60.9.5 60.00 ]0.2 129.9 161.5 
10 5 61.20 60.25 J0.4 128.4 1680 
I .D. of pipe 1.027 lf Length of heated section - 27.98 " 
O.D. of pipe 1.)09 Jf 
NOTE 1: Nos. 1- 5: Paint Thickness = 1 Mil 
Heat Transfer Surface 
-
0.801 ft2 
NOTE 2: Nos. 6- 10: Paint Thickness = 4 mils 
Heat Transfer Surface - 0.804 ft2 
The paint was aged and dried in an oven. 
37 
TABLE JO 
HEAT TRANSFER COEFFICIENT OF' WHITE ENAMEL 
Run Re Q, Btu Btu B:t:y. ~' hr~\~ °F u, hr ft2 ~' hr :ft2 °F No. No . hr OF 
1 656 54. 40 1.1)1 
2 588 51.00 1.042 
J 578 51.00 1.074 
4 448 42.60 0.907 
5 490 47.20 1.066 
6 593 74.90 1.584 8.62 2 . 405 
7 607 72.60 1.566 7.40 2.01 
8 560 ?6.00 1.?04 10 .50 2. OJ 
9 559 ?2.10 1.641 8.16 2.06 
10 576 ?4 . 40 1.694 ?.18 2.21 
NOTE 1: p, P 1 h : 2 13 Bt~ ~re pe - c + r · (hr){ft )(OF) 




HEAT TRANSFER COEFFICIENT DATA - WHITE El."'iAMEL 
-
Rtm Time Inlet Outlet Room Pine Temp. 
No. (min) t 0 c tz oc Temp. oc 4 0 ml. 1 F 
1 5 59.00 57-90 28.0 lJJ.5 1640 
2 5 60.40 .59.40 28.0 1J.5.6 1740 
3 5 61.10 60.00 28.2 1)6.6 1665 
l~ 5 60.90 59-90 28 .4 136.2 l7JO 
5 5 60.20 59 . 10 28 6 134.6 1640 
6 
.5 60.60 59 . 40 29.2 122.8 1850 
7 .5 62.25 60.65 29.4 1)0 . .5 1405 
8 .5 61.80 60.20 29.4 125.6 1450 
9 5 61.40 60.20 29.6 12).2 189.5 
I.D. of pipe 
O.D. of pipe 
1.027 ll 
1.)09 II 
Length of Heated Section - 27. 98 " 
NOTE 1: Nos. 1 - 5: 
Paint thickness = 2 Mils 
Heat transfer surface • 0.802 ft2 
NOTE 2: Nos. 6 - 9: 
Paint thickness • 4 Mils 
Heat transfer surface • 0.804 ft2 
Paint was one day old when tested. 
39 
TABLE )2 
HEAT TRANSFER COEFFICI ENT OF WHITE El\fAlifEL 
Run Re Q., Btu u Btu Bt~ B~u No. No . hr ' hr ft2 OF hf ' hr :ft- Op hp' hr ft~ °F' 
1 556 84.4o 1.914 27.65 2.060 
2 591 81 .40 1 .766 27.40 1. 888 
J 576 85.90 1.8)6 2).80 l o989 
4 583 80.60 1.744 22.)0 1.926 
5 556 81+.4-0 1.878 21.45 2.060 
6 627 10).80 2.315 7.51 J. Jl.f..5 
7 49J 10,5.10 2.27 10 .72 2.87 
8 502 108.90 2. J8.5 8 ) 6 J.J5 
9 654- 106.40 2.)80 7.28 J.5J 
NOTE 1: Bare Pipe - h 0 • R 
Btu 
• 2 · 13 (hr)(ft2)(°F) 
NOTE 2: Nos. 1 - 5: 
Average h p = 1 . 988 
Btu 
(hr)(ftZ)(°F) 
NOTE J: Nos. 6 - 9 = 
Average hp = Btu 3- 274 (hr)(ftZ)(°F) 
TABLE JJ 
SUMMARY OF RESULTS 
Flow of JOO mL/min. 
Coefficients Based On Outside Surface Area 
4o 
Type of CoatLYJ.g Over-all * Coefficient ~ Coefficient 
U Btu 
' hr ft2 °F 
Bare 1.62 2.1J 
Linseed Oil 1.79 
Tio2 , White Paint 1.87 2 . 09 
Aluminum Paint 1.68 1.97 
Lamp Black 1.79 2.10 
Commercial White 1 . 6) 2 . 14 Enamel : J coats 
Light Foam 0.4 
Medium Foam 0.40 0.44 
Heavy Foam 0 . 4 
* Over-all ooefflo1ents listed in column 2 represent 
inside pipe to surround~s 
~ coefficients listed in column J represent 
from pipe to surroundings 
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CALCULATIONS 
As an example of calculations involved , run number J in 
Table 22 will be used. 
Inlet water temperature = 61.8.5 oc 
- tl 
Outlet water temperatur e • 6l.J.5 oc = t2 
Room temperature = 26 . .5 oc 
Pipe temperature a 139.2 01¢1 
6tw = tl - tz • 61 .85- 61.)5 = 0.50 
Average H2o temperature 
v1 i n feet per second: 
(. ml.~t 1 liter 1 . 
\time} 1000 ml . 
(l iters) (o. 2641) 
minute 







v - t 1n3 ~( g§l. \( min. )( 1 )( p~ · ) = ft. 
- gal.} min. } sec . il12 seo. 
61.60 °C 
_ 1nli ( liters) (.0. 2641.' ( 1 )( 1} = ( 0 .1022 ) (.liters) . 
- TbOT min. \ 0. 829 ) ( 12 ) \ min. 
v = ( o .1022 ) (1?0)~0100) = o . 0223 s~~. 
Nass Velocity, G, in lb. < hr)(ft2 > 
G = (.l'..h.)( lb. ) ( sec. ) 
sec. rtJ \ hr. -
1b 
( hr) (ft2) 
= (0.022J){6l.JO)(J600) 
a = 4, 920 (nr~frt2) 
Reynolds Number : 
Re = D G where 
·= 
W in lb. 
hr. 
fJ. 
( 1. 0 27 ) { 4 1 920 ) 
(12)(0.454)(2 .42 ) 
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D is diameter, feet 
u is viscosity, feet 
I (lb)(hr) 
- 385 . 
w 
= 112. 
= (4,920)(0 . 00576) 
Heat lost by water, Q, Btu hr 
= (28.J5)(1)(0.50)( 1 .8) 
= 25.50 Btu 
hr 
Over-all Coef:ficlent, U0 , 
hea t surface: 
Uo :1 _.9, ~-1here: 
Ao Atm 
hr 
= 28 0 J 5 ..l.2.:.. 
hr. 
W = flow water, lQ 
hr 
0 = heat oapaci ty of water, 
(l~Y~op) 
6-tw = temperature drop or 
water, OF 
Btu based on external 
Q :: hea t flow, Btu/hr 
Ao = external heat surface, rt2 
6.tm = mean temp. diff.' OF 
At m = tl + tz 
- Room Temp. 
2 
61.85 + 61.)5 26.5 J5 .10 °C. = - = 2 
Uo = 25 . SQ = O.J66 Btu (1.10 )()5.10)(1.8) ( hrHtt2 )( °F) 
4J 
Film Coefficient of H20, Btu based on 
external surface: 
Temperature of inside wall e 1)9.2 OF 
Average temperature of H2o :: 142 . 9 °F 
Atf = 142 .9 - 139.2 
= " 9. 
A0 llt:r 'tlhere: Q =- heat flow, Btu/hr 
25:50 
( 1.10 )( J. 7) 
Btu 










0 .)66 6.62 -hp 
2 .7) • 0.1596 + _l... 
hp 
1 2.57 ( hr }(rt2 )( °F) 
- -h:P Btu 
hp = 0 .. )89 Bty_ ( hr) ( ft2 ) ( °F) 
' 
A0 = external surface, ft2 
Atr = temp. drop across film; 
oli' 
Btu 
( hr) ( f t;2) { °F) 
where~ 
~ = total resistance, 
.(_hr) (ft2) (°F) 
Btu 
1 hf = resistance of H20 
film , ~hr)(ft2)(°F) 
Btu 
resistance of 




-1- = resis tance of foam 
h p paint, 
{hr) ( ft2) (°F ) 
Btu 
Thermal Conductivity of Foam, K, (BtuJ(ft) 




Outside surface temperature -
Temperature drop across pipe -
103 . 4 °I~' 
0.1 °F 
Temperature at inner surface of foam: 
139.2 - 0.1 • lJ9.1 °F 
Temperature drop across foam: 
139.1 - lOJ .4 = J5 .7 °F 
-at 1 
= 





= 2.2. 50 ( 1.10} ( J 5. 7) 
:: 0.517.5 Btu ( hr J ( f'tZ) ( °F) 
K = therma l conduot1v1ty, 
(BtuHft) 
(hr} (ft2) ( °F) 
At " =temperature drop across 
.l . f OH' oam , ... 
L ~ thickness of foam, ft 
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K = (L)(0.51?5) Bt~ = 0.01076 (hr)(ft )(OF) 
L = 1 
K 0.5175 = 1.9)4 
1 





~- - 1 . + 1 + _l -
- b.b2 0. 517.5 h 0 +r 
tanoe of surt·aoe, 
(hr )( ft2) (OF) 
Btu 
2.7J = 0.1.596 + 1. 934 +- h 1 
c + r 
1 o.6J6 ( hr) ( ft2} ( Op) ·-
he + r Btu 
hc +r = 1 .574 Bt~ (hr)(ft )(°F) 
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RESULTS AND DISCUSSION 
The over-all coefficient results are presented 1n Tables 
J to 18. These coefficients were calcula ted by using, as the 
driving force, the average temperature of the water and temp-
erature of the romrL Calculations of data , using as &"1 exam-
ple run number J of Table 22, are given in the section on 
Sample Calcula tions. The equations used are: 
where 
where 
Q is the heat lost by water, Btu/hr 
W is the flow of water, lbs/hr 
c is the specific hea t, Btu/hr·OF 
A.t is the temperature drop of ·p1ater, °F. 
Q. = heat tranzferred through pipe, and is 
heat given up by water, Btu/ 
hr . 
u0 = over-all coefficient based on external 
Bt u area 1 
A0 : external heat transfer surface, ft2 
At = mean ternperv.ture difference; i . e. - the 
m 
average water temperature minus room 
temperature , OM' J. • 
On t he ba sis of the determtnation, the results indioate 
heat losses a re increased by painting. Blaok and white paint-
ed surfaces lose the most heat, and aluminum painted surface 
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will lose more heat than a bare s1~face but not as much as 
either black or white. Even applyir~ linseed oil to the sur-
face increases the heat lost. 
111hese results are in accord 1-Ji th results found by Allen (1) 
Day (5) , and Taylor (24). Allen found a greater heat loss by 
a white painted radiator than by an aluminum painted radiator . 
The increase was 10 to 15 uer cent. He considered the in-
crease or decree.se in heat dissipated as the result of chang-
i ng t he emisslvity of the surface. Day used pipes, similar 
to hot a ir fu~naoe duct s 1 L~ his investigation . In one test, 
Day painted a p ipe with a gray paint mad e of zinc, lithipone , 
and linse~l oil . Expressing his results as an over-all coef-
ficient :~ he obtalned a coefficient of 
The results of t he test s usi~~ foam show that the foam 
acts as an Ln sulator. Tables 4, 6 1 8 , and 10 show this fao-
tor. Although three different types a re tes t ed and they were 
different in texture, no appreciable dif ference had been 
found in heat losses. The over-all coefficient i s reduced 
therne.l conduct! vi ty for the foam is 0. 01076 ( hr) ( ft2 }(OF). 
This i s indicative of a good insulator , which i s highly 
porous and har:; captured air . This is evident in these foams. 
In Tables 19 t o )2 a re presented the coef ficients for 
each paint . The paint coefficients include several items. 
They i nclude tl1e conductivity t(l..rough t he paint film and 
coefficient for the surfa ce, which includes radiation and 
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convection. For this reason, a value of the thermal conduc-
tivity for each paint film Has not determined. The resis tance 
of the p i pe l"las neglected because 1 t was very small 1n com-
parison to the other resistances involved . 
~ince the t~1iclmer.w of the pain t films ~,ras less than 
three mils) a t hermocouple could not be insert~l into t he 
f ilm. Putting the thermocouple on the surface '!lias not done, 
because 1 t was felt the temner a t ure obta ined "'1ould not be 
accurate. 'l'he thermocouple must be attached securely to the 
surface, a:n.d a.."ly method of attaching the t hermocouple would 
introduce considerable error. If soldered to the surface, 
the temperature would not be correct because of the junction 
with a third metal. Also , if the thermocouple ~~as attached 
with t ape, there would be an 1noreese i n heat flow at this 
point, giving false results. Just lay~ ~~e thermocouple 
on the surface \'rould give a reading that ~muld be between 
the true surface temperature and the air ·temperature . For 
these reasons, the surface temperature was not determined. 
'l1he resistance concept ti"as used i n determining ooeffi-







+ - -hp 
total resistance, (hr) (i't2) { 0 JU. 
Btu 
resistance of water film, ~ hr) ( ft2 }( ° F ) 
Btu 
= resistance of pipe , (hr)(ftZ)(O~} 
Btu (This term was neglected) 
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• resis tance of paint film, L'Ylo.lud ing conduction 
and surfa.ae ef .f eots, t~.H f.t.2 .LC Of l 
Btu 
a.nd: 
U0 = over-all f1l.m coefficient based on external 
area, .. BkY . 
(hr) (.ft2) (OF ) 




paint film coefficient based on external area, 
-. B~y M------
( hr) (ft2 )( °F') 
The coefficients of t he paints a re therefore over-all 
coefficients be~use they include a resistance other than 
conducte.:noe. A Wilson ( 27} solution would have been neoessary 
for determining th~ coefficient due only to conduction . But 
when the flow i a very slow neither Wilson nor MoAdams (18) 
reoommrold the use of this plot. 
Tae results s how that the ooeff1c1ent of the water Cilm 
is ess en t tally oonsta."lt. The coefficient s of bare pipe, pipe 
painted bL~ok, Hh1te, and aluminum are essentially the same. 
The values obtained are: 
1 . Bare Pipe 2.1) Bt~ (hr J l f~ )(OF ) 
2. Hhite Paint 2.094 " 
J. Aluminum .Paint 1 .9?1 ~~ 
4. Black Paint 2.100 I! 
Alwnint.un Pa1:fl.t decreased the coefficient appreciably, 
while the reduction by black and white paint 1s ne.gl1g1ble. 
The value obtained for the foa.TDed patn·t is 
o.442 rh.r)(~~~HO".F) . The heat los·t is reduced by about 7 .. 0 
per cent. 
When the paint film is thicker» t he change is very 
slight. A value for three coats 4 m:tls thiok is 
, Btu 
2 .14J (hr 11 rt2 H ?}F) . 
Tables 31 and. 32 shm.; the effect on heat lost when the 
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film has not aged very long. 'I~e heat los·t ·by the water is 
increas&l, also the coefficient of the paint. It is probabl.}' 
due to the fao ·t that solvent is being evaporated and cham1oa.1 
rea.ot.tnns are still taking plaoe. The value obtained wl th 
three coats of paint 4 mils ·thick a:nd ~one day old is 
3 _27 Btu Chrnrtz) (bFf · 
The method used gave reliable resul te. Tt.11S is shm·m by 
the value of surface coefficient obtained when the pipe was 
bare. M.oAde:ll'nS (18) gives 2~0J (hrf<1~~)(i5Ff :~ while ttrls 
Btu j inves tigator obtained 2.13(hr){rt2)(bFT . McAdams value 
1s based on a room temperature of 80 °F, and differenoe be-
tween surface a..""l.d room o-:t 50 OF . The room temperature is 
84. 2 °F and difference bet-r1een su.rfaoe and room is 42.8 ° F 
i.n. thi s investigation. i'he value given by Kern (13) as taken 
Btu 
from de1lma:n ~ s (10) work is 2"29 ~{hr) (rt2) (OF) , based on a 
room t emperature of 70 OF. 
An hypothesis for explain ing t he increase in heat lost by 
adding an additional resistance , pa1nt 1 is as follows: 
1 v The surface of the pipe before painting ,;-ms not pure 
metal but oxides of irOl'L 
2.. T'ne oxide films are rough, porous , and oonta1n inter-
stices~ Sinc e the films are porous and contain interstices , 
they ttill adsorb gases and water. This film, composed of iron 
oxide, adsorbed and trapped gases acts as an insula tor, because 
of the en trapped gas . 
J. When the surfaces are painted, the paint displaces 
the gases and f ills the pores and interstices with paint. The 
paint film wlll also rea.at with the adsorbed oxygen, thus re-
moving it from the oxide film. 
4. The r es i s Uuloe of the paint films are less than the 
film of oxides and gases. Therefore heat transfer through 
painted pipe is increased over the unpainted pipe. 
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CONCLUSIONS 
These investigations were carried out with the water 
temperature 60 ~ J °C 1 a..."l.d room temperature 80 ± 10 °F 
with r ates of ~low less than 100 lb/hr, whioh eorresponded 
to a Reynolds :Number of 1270. The outside diameter of the 
pipe was 1 .309 inches . The paint films were between 1.0 and 
J.O mi l s thickness. Thickness of foam was i 1noh. 
Conclusions reached in this work are as follows: 
1 .. The over-a ll coefficients of heat transfer from 
pipes coated with paints consisting of linseed oil as the 
vehiole and titanium dioxide , lamp black, or aluminum, were 
4 to 1.5 per cent higher t han the over-all coef~ioient fo r 
bare pipe . 
2. White paint containing titanium d ioxide as the 
pigment gave the greatest increase, which was 15 per cent . 
J. Al1h~1num paint gave the smallest i ncrease, which 
was 4 per cent . 
4 . Tne over-all coefficient of heat transfer from 
pipes covered 'tT i th a polyurethane foam was 60 per cent 
lower than the over-all coefficient for bare pipe. 
5. The thermal conductivity of the polyurethane foam 
6 B;:;.t:::.:U~ -1s 0 . 0107 {hriTttZ)(OF) . 
The fact that the rate of heat transfer through a painted 
pipe is greater than through an unpainted pipe is expla ined 
by the fact that paint displaces adsorbed and entrapped gases 
from the oxide film. The paint plus oxide film has a lower 
resistance to heat flow than oxide film plus adsorbed gases. 
Therefore heat transfer through a painted pipe 1s increased . 
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SUGGESTIONS .B'OR FURTHER WORK 
Heat transfer coefficients could be detez~ined at higher 
temperatures using paint vehicles containing phenolic , 
silicone, or epon res1ns. 
'l'he effect on heat transfer of other pigments and 
combinations of' pigments could be studied. This could include 
the combination of pigments in the same coat, or combination 
of two or more coats containing different pigment material. 
An example would be the use of "pigment " of low thermal 
conductivity s ·uch as cork for the undercoat, and a pigment 
of low emi ssivity for t he outer coat. 
r.r-he effect of aging on the heat transfer oharaoteristios 
of paint f i lms should be inves tigated. 
The author suggests that a longer s ection of pipe be 
used for further lnves t i f,ra. t ions . 
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SUNf-lARY 
1. Heat lost by a pipe painted white, black, a.11d alumi-
num were determined experimentally. From the data, over-all 
coefficients were determined and compared l-':1 th da.ta of other 
investigators, end were found to be 1n good agreement. 
2. The insulating qualities of foam were evaluated. 
The thermal oonduot1 vi ty of the foam ~taB determined experi-
mentally. 
J. Indi-vidual heat transfer coefficients of white, 
black, w1d aluminum paints were determined experimentally. 
The res ttl ts of these determ1na tions could not be compared 
since other data ;'lere not available. 
53 
LITERATURE CITED 
(1) Allen, J.R. , Heat Losses lTom Direct Radiation, 
J. Amer. Soc. Hee. t . & Vent. Eng., z.Q., p. 109, 1920. 
(2) Babcock, G. M. and Rethwisoh, F.B., Heat Reflected and 
Conser·ved by Aluminum Paint Coating, Heat & Vent. 
~~ pp. 68- 69, March 19.51. 
(J) Be.ker, H. D ., E.A.Ryder, & N .H .Baker, Temperature 
Measurement in Engineering, Jo!u1 Wi ley and Sons, 
Nelf YorJ.: 3 p. 85, 195J. 
(4) Coblentz, W .W., and C.G. Hughes , Emissive Tests of 
Paint s For Decreasing or Increasing Heat Radiation 
From Sur:faaes, Technological Papers of Bureau or 
Standarcls, ~' No. 255, 1924. 
(5) Day, V.S., Emissivity of Heat From Various .Surfaoes, 
University of Illinois Bulletin, Engineering Experi-
ment Station, BulletLYl No . 117, Ja..11. . 26, 1920. 
(6) Dike, Paul H., Monograph on Thermoelectric Thermometry, 
Leeds & Northup Company, Philadelphia, 1954. 
{?) Drew, T.B. , J.J.Hogan, & W.H.McAdams, Heat Transfer 1n 
Stream Line Plow, Ind. Eng. Chem., ~~ p.9J6, 19)1. 
(8) Flshenden, M., & O.A.Saunders, 'l'he Calculation of' Heat 
Transmission, H.M.S. Stationery Office , London 
W. C.Z., England , p . 19 , 1932. 
(9} Fishenden, M., & O.A.Saunders, Heat Transfer, Oxford 
University Press , Amenhouse, London B.C. 4, EngJand, 
p. 7, 1950. 
( 10} Heilman, U .H., Heat Transmission from Bare and Insulated 
Pipes, Ind. Eng. Ch.em., ~, pp.451.-458, 1924. 
(11) Hellman, R.H.,· Surtaoe Heat 'l'ra.nsmission, Trans. A.S.ILE • 
.il. pp. 287- )02, 1929. 
(12) Heilman, .tt.H .. , & R.W.Ortm1ller, Effeot1ve Solar Absorp-
tion of Various Colored Paints, Heat. , Piping, & 
Air Cond., ~ pp. 119-122, June 1950. 
(lJ) Kern, D.Q., Process Heat l'ransfer, MaGraw-rUll, New York, 
p. 18, 1950. 
( 14) Leedy, R.rL, Controlling llad1a.nt Heat, .Prod. Eng., n, 
pp. 174-177, October 1954. 
(15) Lulxmsky, .K ., Determins.tion of Heat Dissipation Coef-
ficients, Eleotrotechlsche Ze1tsohr1ft, ~.5 pp. 
79-BlJ January 2? 1 1921 . 
(16) Mattiello, J .J. J Protective and Decorative Coatings, 
Vol .. II, John Wiley and Sons, New York, p. ,564, 
1942. 
(17) McAdams, W.H. & T.H. Frost, Heat Transfer for Water 
Flowing L"1.81de Pipes~ Re:fr1g. Eng. , ,lg,, pp. J2J-
JJ4, 1924. 
(18) MoAdams, W .H., Heat Tran.sa1ss1ont MoGraw-.Hill, llew 
York, Third Edition, pp. 165-250, 1954. 
(19) McMillian~ J}eB., 'l'he Heat Insulating Propert1ee of 
ComiJ,jerc ial Steam ?1pe Coverings .. Trans. A.S.f.l.E., 
J2, p. 921 , 1915. 
(20) Paint Manuraoturers Association of U.S., 
Scientific Section Circular No. 212, pp. 80-81, 
September 1924. 
(21} Payne , H.F., ·Organic Coating Teolmology, Vol. I, John 
Wiley and Sons, Nei'l York, p. 232, 19.54. 
55 
(22) Taylor, C.S. & J.D. Edwards, Some Reflection and Radia-
tion Characteristics of Aluminum, Heat, Piping, & 
Air Cond., .J.l.j p v .59) January 1939. 
(23) Taylor, T. S.; rl'he 'l'hermal Conduoti vi ty of Insulating 
and Othe~':' Mc~terle.ls, Trm1s. A.S.rl.E., !1:1, p.60.5, 
1919. 
( 24) Taylor) T. S., Sur:face 'l'ra..11sfer of Heat, liefr1g. Eng., 
l~, p.l79, 192). 
· (2.5) Weber, H..L., T€'.mperature Measurement ancl Control, 
Blak1ston Company, Philadelphia, 1941. 
(26} Wilkes, G.B. & C.M.F. Peterson, Rnd1at1on and Convec-
tion Across Air Spaoes L~ Fra~e Construction, 
Heat., Piping, & Air Cond. ~ 51., p . .505, Aug. 1937-
(27) Wilson, B.E., A Basis for Rational Design of Heat 
Transfer Apparatus, Trans .. A. S.M. E., .Jl., p. 47, 
1915 . 
(28) Von Fisher, W., Paint and Varnish Technology, Reinhold 
~~blishL~ Company, New York, p. 89 $ 1948. 
56 
VITA 
The author was born in Saint Louis, Missouri, on Januar7 
?, 1928. He attended the Public Schools of St. LOuis, Missouri, 
graduating from Beaumont High Sohool. After serving one year 
1n the United States Air Force, he entered the Missouri School 
of Mines a.-n.d Metalltcr'gy in February 1948. He wa.s graduated 
with a B.S. in Chemical Engineering in January, 1952. 
He then waa f.Jmployed as a Che.111oal :Engineer by H..W. Booker 
and Associates for one year, and National Lead CompallJ' for 
one year. 
I11 January, 19.5.5, he entered the !11ssour1 Sohool of' 
Mines and Metallurgy to work on a M.S. in Chemtc-..al .Engineering. 
He served as a Graduate AssisUu~t ~n Chemical Engineering 
trom January 19.55 to present~ 
uaiO.llillf 
MlSSOURI SQtO(J. Of tlf6 MD tiEl~ 
talA.IIO. 
